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ABSTRACT 


During  the  course  of  an  investigation  of  culverts  in  Montana  (the 
Large  Culvert  Research  Project s  sponsored  by  the  Montana  Highway  Department 
and  conducted  by  the  Civil  Engineering  and  Engineering  Mechanics  Department 
at  Montana  State  University) ,  six  cases  of  piping  alongside  or  under  road 
culverts  were  found. 

In  some  cases ,  the  piping  was  evident  after  a  visual  inspection. 
In  other  cases ,  piping  was  suspected  after  taking  rebound  hammer  readings 
with  a  Schmidt  hammer,  an  instrument  designed  for  estimating  concrete 
strengths.    The  suspected  piping  cases  were  further  investigated  by 
punching  holes  in  the  culvert  plates  and  observing  the  fill  through  the 
holes.    If  piping  existed ,  the  piping  channel  could  be  traced  by  punch- 
ing  holes. 

Soil  samples  were  taken  from  the  piping  holes  and  tested  in 
the  soil  mechanics  laboratory.    The  tests  revealed  a  range  of  soil  types 
from  a  cohesionless  sand  to  plastic  clay. 

In  some  cases,  the  piping  had  eroded  large  amounts  of  backfill 
material  away  from  the  sides  of  the  culverts,  excessively  reducing  the 
lateral  support  to  the  culverts . 

In  one  case  of  well  developed  piping,  the  plates  were  cracked 
along  a  longitudinal  seam,  located  at  the  side  of  a  pipe -arch  culvert. 

It  was  hypothesized  that  excessive  bending  moments,  due  to  the 
loading  situation  of  no  lateral  support,  stressed  the  plates  to  failure 
in  the  form  of  cracking  the  plates . 

A  computer  program  was  developed  to  determine  the  magnitude  of 
the  bending  moments  that  might  develop  under  different  loading  conditions. 
The  results,  for  the  case  studied,  indicated  that  the  moments  developed  in 
a  culvert  with  no  lateral  support  stressed  the  plates  beyond  the  elas- 
tic range .    The  cracked  plates  were  evidence  that  the  plates  had  been 
stressed  to  incipient  fracture. 

It  was  concluded  that:    piping  occurs  in  a  wide  variety  of  soil 
types j  the  Schmidt  hammer  is  a  useful  tool  for  helping  to  determine  the 
fill  condition  behind  culvert  plates;  and,  that  piping  removes  backfill 
from  around  culverts,  sometimes  excessively,  which  may  lead  to  loading 
conditions  that  develop  bending  moments  large  enough  to  crack  the  cul- 
vert plates . 

It  was  recommended  that  the  problem  of  piping  be  given  full  con- 
sideration in  design  and  construction. 

For  future  study,  it  is  suggested  that  different  plunger  face- 
shapes  be  tried  in  the  Schmidt  hammer  in  an  attempt  to  reduce  or  elimin- 
ate variations  in  Schmidt  hammer  readings . 


CHAPTER  I 
INTRODUCTION 

THE  PROBLEM 

A  major  problem  which  has  long  concerned  the  designers  of  hy- 
draulic structures  is  the  phenomenon  of  piping.    Piping,  an  internal 
erosion  within  soil,  caused  by  seepage,  is  characterized  by  a  pipe-shaped 
channel,  formed  from  the  tail  water  side  towards  the  headwater  side  of  a 
fill.    Piping  under  or  through  dams  has  long  been  recognized  as  a  major 
problem.    Another  area  where  piping  is  a  problem  is  alongside  and  under 
road  culverts  and  has  become  increasingly  important  as  the  size  and  cost  of 
culverts  has  increased.    This  paper  will  deal  with  the  problem  of  piping 
alongside  and  under  road  culverts . 

During  the  past  several  years,  the  Civil  Engineering  and  Engineer- 
ing Mechanics  Department  at  Montana  State  University  has  conducted  an  in- 
vestigation of  culverts  in  Montana  through  sponsorship  of  the  Montana  State 
Highway  Department.    This  study,  entitled  the  "Large  Culvert  Research  Pro- 
ject", has  revealed  at  least  six  cases  of  culvert  piping  in  Montana.  This 
discovery  suggested  that  an  intensive  study  of  these  sites  should  be  made, 
which  would  involve  the  verification  of  piping,  the  determination  of  soil 
types,  and  the  possibility  that  piping  may  be  the  cause  of  structural  fail- 
ures in  the  form  of  cracked  plates . 
BACKGROUND  IMFORj^TION 

The  Large  Culvert  Research  Project  originated  during  the  spring  of 
1963 •    The  purpose  of  the  project  was  to  make  a  detailed  survey  and  anal- 
ysis of  large  culvert  installations  in  Montana  and  obtain  information  which 
would  lead  to  recommendations  regarding  design  criteria  and  construction  and 


maintenance  standards « 

After  a  quick  inspection  of  about  h-00  culverts ,  six  feet  in  diameter 

or  larger >  55  were  selected  at  various  locations  throughout  the  state.  The 

selections  were  made  mainly  on  the  basis  of  various  problems  that  existed  at 

the  sites.    These  problems  included: 

sediment  deposits 
fill  erosion 
scour  holes 
corrosion 

structural  deformations 
structural  failures 
piping 

The  selected  culverts  were  given  an  extensive  survey  during  the 
summer  of  1963  and  again  during  the  summer  of  l$)6k      The  surveys  included: 
taking  photos 

measurements  of  the  culvert 

level  readings  of  the  stream  bed  and  culvert 

soil  samples 

rebound  hammer  reading 

hole  punching 

The  tabulations  of  data  obtained  and  pictures  showing  some  of  the 
failures  can  be  found  in  Appendix  D- 

The  remainder  of  the  main  body  of  this  thesis  will  deal  with  the 
findings  and  investigations  related  to  piping. 


CHAPTER  II 
REVIEW  OF  LITERATURE 

PIPING  DEFINED 

In  1936 ;>  A.  Casagrande  (l)    listed  piping  as  a  term  used  to  define 
an  internal  erosion  caused  by  seepage,  with  the  erosion  progressing  back- 
ward until  a  pipe -shaped  channel  is  formed  from  the  downstream  side  to  the 
upstream  side.    In  some  cases  erosion  starts  between  headwater  and  tail- 
water  by  means  of  "roofing";  that  is,  the  arching  of  a  harder  material  over 
a  weaker  material  which  is  settling,  thus,  resulting  in  a  plane  of  weakness 
or  an  open  space  through  which  a  concentration  of  seepage  develops . 

Once  a  "pipe"  has  formed,  erosion  can  progress  rapidly,  making  a 
large  channel  and  possibly  causing  a  failure  of  the  structure, 
MECHANICS  OF  PIPING 

In  1929?  Charles  Terzaghi  (3)  noted  that,  for  water  flowing  verti- 
cally upward  to  escape,  the  fundamental  requirement  to  start  piping  is 
that  the  upward  pull  exerted  by  the  seepage  water  overcomes,  at  some 
point,  the  downward  pull  exerted  by  the  force  of  gravity.,    As  soon  as  this 
occurs,  erosion  will  start,  possibly  forming  a  channel. 

Terzaghi  further  explained  the  mechanics  of  piping  with  a  system 
of  flow  lines  and  equipotential  lines .    For  the  type  of  flow  net  used , 
the  quantity  of  water  which  flows  between  each  pair  of  flow  lines  is  equal , 
The  danger  spot,  where  piping  would  start,  is  on  the  downstream  end  of  the 
flow  lines,  at  a  point  where  the  distance  between  the  ends  of  adjacent  flow- 
lines  is  a  minimum.    The  upward  pull  exerted  by  the  water  at  the  danger  spot 


Numbers  is  parentheses  refer  to  references  listed  under  LITERATURE  ClTED, 


is  inversely  proportional  to  the  distance  between  the  ends  of  the  flow  lines 
and  directly  proportional  to  the  quantity  of  water  which  flows  between  two 
lines . 

PIPING  ALONG  A  CORRUGATED  METAL  PIPE 

Most  of  the  concern  about  piping  in  the  past  has  been  related  to 
dams.    A  structure  similar  to  a  culvert  under  a  road  was  the  subject  of 
research  by  the  Bureau  of  Land  Management  at  their  Earth  Laboratory  Branch 
at  Denver j  Colorado  during  1958  The  Bureau  had  constructed  numerous 

small  earth  dams  for  water  detention  and  retention  purposes  and  piping 
difficulties  were  encountered  on  several  structures.    The  piping  appeared 
to  start  between  the  earth  embankment  and  the  corrugated  metal  outlet  pipe 
and,  in  some  instances ,  resulted  in  almost  complete  failure  of  the  struct- 
ures .    Good  design  and  construction  procedures  were  believed  to  have  been 
followed.    Therefore ,  the  Bureau  felt  that  valuable  information  could  be 
gained  from  large  scale  laboratory  model  tests  on  corrugated  metal  pipe 
placed  in  a  compacted  embankment  under  various  conditions  of  prototype 
design  and  construction. 

The  following  conditions  were  among  those  studied  during  the 
testing  program: 

a.  One  type  of  soil—sandy  clay,  reddish  brown,,  about  50  per- 
cent sand;,  slightly  plastic.     (This  soil  was  shipped  from  a 
BLM  project  and  was  typical  of  the  soils  used  in  several 
dams . ) 

b.  Loose  foundation  versus  firm  foundation. 

c .  Poor     backfill  compaction  around  pipe  versus  good 
backfill  compaction. 

d.  Leaky  pipe  joints  versus  nonleaky  joints. 


e.    Flexible  metal  cutoff  collars  versus  rigid 
concrete  cutoff  collars. 


f.    Headwalls  versus  no  he ad wall s . 

Six  tests  for  studying  the  above  mentioned  factors  were  performed 
on  embankments  in  a  large  test  flume  under  closely  controlled  laboratory 
conditions . 

The  equipment  consisted  of  a  k  x  8  x  30-foot  test  flume  in  which 
a  12 -inch  diameter  culvert,  18  feet  long,  was  embedded  in  an  earth  fill. 
The  culvert  was  tested  with  a  concrete  cutoff  collar  and  a  sheet  metal 
cutoff  collar. 

The  tests  lead  to  the  following  conclusions  and  recommendations: 

1)  The  foregoing  tests  prove  conclusively,  for  the  type  of 
soil  tested,  that  to  prevent  percolation  of  water  around 
corrugated  metal  outlet  pipes  in  earth  retention  dams, 
the  backfill  should  be  placed  at  optimum  moisture  and 
compacted  to  a  minimum  of  95  percent  of  Proctor  maximum 
density. 

2)  Compaction  is  important  all  the  way  around  the  pipeD 

3)  Although  well  compacted  bedding  around  the  pipe  will 
effectively  stop  or  greatly  retard  piping  action  from 
leaky  joints,  every  effort  should  be  made  to  achieve 
watertight  joints  in  outlet  pipes. 

k)    Concrete  cutoff  collars  seemed  to  offer  these  advantages 
over  corrugated  metal  cutoff  collars:    ease  of  achieving 
better  compaction  around  the  cutoff  collar,  and  no  limit- 
ations on  the  size  of  the  cutoff  collar. 


5)  It  seems  advisable  to  install  a  headwall  on  the  upstream 
end  of  an  outlet  pipe  but  these  tests,  being  rather 
limited  in  their  scope,  offered  no  proof  for  or  against 
headwalls . 

6)  The  tests  indicated  that  excellent,  uniform  compaction 
under  the  pipe  may  be  obtained  without  serious  uplifting 
of  the  pipe,  for  the  series  of  pipe  tested. 

7)  After  a  well  compacted  bedding  is  provided,  it  is  re- 
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commended  that  soil  at  optimum  moisture  content  be  com- 
pacted in  two-inch  layers  to  at  least  95  percent  Proctor 
maximum  density  under  the  pipe  to  the  120 -degree  line.. 
Tampers  equipped  with  rectangular  tamping  feet  of  about 
two -by  five-inch  size  are  recommended.      Short  tampers  are 
required  if  trenches  are  narrow.    Adequate  air  pressure 
for  tampers  must  be  maintained. 

After  completion  of  backfill  under  pipe  to  120- degree 
line,  the  remaining  compacted  backfill  around  the  pipe 
is  placed  in  the  pipe  trench  or  as  the  adjacent  compacted 
embankment  is  constructed.     Optimum  moisture  conditions 
and  compaction  of  at  least  95  percent  Proctor  maximum 
are  required . 

Although  these  tests  were  all  performed  on  a  small  culvert 9  they 
probably  have  some  relevance  to  large  culverts . 

MONTANA  HIGHWAY  DEPARTMENT  SPECIFICATIONS  ON  CULVERT  INSTALLATIONS 

In  the  current  standard  specifications  of  the  Montana  State  High- 
way Department  (5),  the  following  specifications  for  bedding  and  backfill 
requirements  are  noted  for  culverts:    bedding  and  backfill  for  culverts 
is  specified  to  be  compacted  to  between  90  and  100  percent  of  maximum 
density,  depending  on  the  material  in  question.    For  circular  and  el- 
liptical pipes s  the  bedding  is  to  be  shaped  to  fit  the  lower  part  of  the 
pipe  for  at  least  ten  percent  of  its  overall  diameter.    For  arch  type  cul- 
verts, the  bedding  shall  conform  to  the  full  width  of  the  slightly  curved 
bottom,  not  to  include  the  smaller  radius  corners. 

The  backfill  shall  be  placed  uniformly  over  the  entire  culvert  and 
foundation  area  around  the  pipe  in  layers  of  not  more  than  four  inches  loose 
thickness .    The  material  shall  be  compacted  to  the  required  density  with 
particular  care  exercised  in  uniformly  and  firmly  tamping  the  backfill, 
material  under  the  haunches  of  the  pipe . 

Placing  of  embankment  over  the  pipe,  in  conjunction  with  overall 


grading  operations.,  shall  not  proceed  until  the  pipe  has  been  covered , 

to  a  depth  equal  to  one-half  the  diameter  of  the  pipe,  with  properly  compacted 

material . 

The  similarity  can  be  seen  between  the  requirements  of  the  Mont- 
ana Highway  specifications  for  culvert  bedding  and  backfill  and  the  recom- 
mendations for  the  prevention  of  piping  by  the  Bureau  of  Land  Management 
in  the  previous  section. 
STRENGTH  TESTS  ON  CULVERT  PLATES 

'When  piping  removes  the  backfill  material  from  portions  of  the 
culvert ,  a  different  loading  condition  develops  because  of  the  loss  of  the 
supporting  backfill.    Excessive  bending  moments  may  develop  in  the  culvert 
walls  and  cause  structural  failure  along  longitudinal  seams .  Several 
cases  of  cracked  plates  along  longitudinal  seams  were  observed  in  the 
course  of  the  culvert  surveys.    It  is  hypothesized  that  these  failures 
were  caused  by  bending  moments  in  excess  of  the  "safe  moment  capacity" 
of  the  seams . 

An  estimate  of  the  loads  necessary  to  crack  the  plates 9  at  seams 
which  are  susceptible  to  this  type  of  failure ?  was  obtained  from  Bulletin 
109  of  the  Michigan  Engineering  Experiment  Station,  entitled  "Load  De- 
flection Tests  on  Corrugated  Metal  Sections . "  (2)    During  the  summer  of 
1951 }  the  Michigan  Engineering  Experiment  Station  ran  laboratory  invest! - 
gations  on  different  types  of  corrugated  metal  sections  used  in  the  con- 
struction of  culverts.    Of  particular  interest  were  tests  three,  four,  five 
and  six  which  involved  bending  of  conventional  bolted  structural  plate  sec- 
tions s  standard  type  R. 


In  tests  three  and  four,  the  curved  specimens  were  supported  on 
edge  with  the  chord  vertical  and  tested  as  columns .      Tests  five  and  six 
were  simple  beam  tests  in  which  the  specimens  were  supported  at  both  ends 
and  subjected  to  a  downward  force  at  the  center. 

The  maximum  moments  resisted  by  the  specimens  during  the  tests 
were  calculated  by  the  author  of  this  thesis  with  information  provided  in 
Bulletin  109 •    The  information  used  pertained  to  single  bolted  sections  of 
one;  seven,  and  twelve- gage  corrugated  metal.    Figure  14  on  page  3^-  shows 
a  plot  of  plate  thickness  versus  maximum  moments , 

The  failure  moments  on  this  graph  will  be  used  for  making  compar- 
isons with  moments  calculated  from  estimated  loading  situations  in  a  case 
study  in  Chapter  V. 

Also  of  interest  to  this  study  were  the  pictures  of  cracked  plates 
from  tests  five  and  six,  shown  on  page  30  of  the  Bulletin.    These  cracks  were 
caused  by  excessive  stresses  due  to  the  bending  moments  developed  during 
the  simple  beam  tests.    These  cracks  were  similar  to  those  found  in  the 
Emigrant  culvert. 

The  search  of  literature  involved  the  investigation  of  many  sources 
not  cited  here in \  a  list  of  these  sources  will  be  found  in  the  Bibliography 
under  Other  Sources  Investigated . 

No  evidence  was  found  that  the  work  described  in  this  thesis  had 
been  performed  previously. 


CHAPTER  III 
CHRONOLOGY  OF  THE  STUDY 

During  the  initial  inspection  tour  in  1963  for  the  Large  Culvert 
Research  Project }  several  methods  for  determining  the  condition  of  the 
backfill  around  the  culvert  were  used.    One  method  consisted  of  visual 
inspection,  where  often,  weeds  and  riprap  around  inlets  and  outlets  would 
hamper  the  inspection.    Another  method  was  using  a  geologist's  hammer , 
striking  the  culvert  plates  from  the  inside  and  listening  to  and  feeling 
the  results.    A  distinction  could  sometimes  be  made  between  "hollow"  sound- 
ing spots  and  "solid"  sounding  spots.    Finally,  in  an  attempt  to  put  the 
inspections  on  a  more  quantitative  basis,  the  Schmidt  rebound  hammer  was 
used  to  take  readings  on  the  culvert  walls .    Several  culverts  were  sel- 
ected for  detailed  future  study  because  the  preliminary  inspection  indi- 
cated that  piping  existed  or  was  suspected. 

During  the  summer  of  19&3  "when  the  first  extensive  survey  of  the 
project  culverts  was  made,  a  systematic  set  of  Schmidt  hammer  readings  were 
taken  in  each  culvert.    During  the  summer  of  13(h 9  holes  were  punched 
through  the  culvert  plates,  usually  where  the  Schmidt  hammer  readings  in- 
dicated poor  backfill  conditions.    Through  these  holes,,  the  condition  of 
the  backfill  was  determined  by  visual  inspection  and  by  probing  with  a 
wire.    With  this  information,  a  decision  could  sometimes  be  made  whether 
or  not  piping  existed . 

Soil  samples  were  taken  from  the  piping  holes  at  culverts  when 
piping  definitely  existed,  and  from  holes  suspected  to  be  piping  holes u 

Chapter  IV  will  cover  the  details  of  the  investigations  and  de- 
scribe where  piping  was  found .    The  Schmidt  hammer  readings  and  supporting 
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data  from  the  hole  punch  surveys  will  be  analysed  and  presented  in 
tabular  form  and  discussed .    The  results  of  the  soil  analysis  will  be 
given  also. 

Chapter  V  will  be  a  case  study  of  a  culvert  where  piping  and 
cracked  plates  were  both  found.    There  is  a  possibility  that  the  lack  of 
lateral  support  due  to  piping  may  have  caused  the  cracked  plates „    To  help 
show  this  possibility^  a  moment  analysis  for  different  loading  conditions 
will  be  given. 

Chapter  VI  will  be  devoted  to  discussion,  conclusions  and  recom- 
mendations . 


CHAPTER  IV 
FIELD  SURVEYS  AND  FINDINGS 

PIPING  FOUND 

During  the  initial  inspection  tour  for  the  Large  Culvert  Re- 
search Project ,  several  culverts  with  piping  holes  were  found  and  others 
were  suspected  of  having  piping.    After  investigations  of  the  sites  with 
suspected  piping  were  completed,,  several  were  recorded  as  having  some 
degree  of  piping.    Shown  in  Table  I  is  a  list  of  the  culverts  with  pip- 
ing, and  their  location.    Of  the  six  culverts  with  piping^  four  are  of 
the  55  Large  Culvert  Research  Project  culverts  and  the  other  two,  at 
Okeefe  and  Chester 5  were  studied  in  addition  because  of  the  piping.  For 
the  four  Large  Culvert  Research  Project  culverts ,  additional  information 
can  be  found  in  Appendix  D^  a  summary  of  the  findings  for  the  Large  Culvert 
Research  Project. 
Emigrant  Culvert 

The  Emigrant  culvert,,  a  pipe-arch,  had  no  visible  evidence  of 
piping  at  the  inlet  (See  Figure  l).    The  stream  bed,  both  upstream  and 
downstream,  was  a  gravelly  sand  with  boulders .    The  culvert  was  undermined 
at  the  outlet,  and  water  flowing  from  under  the  culvert  was  visible.  The 
undermining  at  the  outlet  can  be  seen  in  Figure  2.    The  hole  punch  survey 
revealed  a  large  void  along  much  of  the  left  side  (when  facing  downstream), 
indicating  piping.    This  culvert  will  be  used  as  a  case  study  in  Chapter 
V  and  more  details  will  be  given  there. 
Card we 11  Culvert 

The  Cardwell  culvert  has  a  circular  shape,  108  inches  in  diameter. 
A  well  developed  piping  hole  was  observed  during  the  first  Inspection,  as 
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Figure  1.    EMIGRANT  CULVERT  INLET. 

There  was  no  evidence  of  piping  holes  at  either  side  of  the 
inlet  of  this  culvert. 


Figure  2.    EMIGRANT  CULVERT  OUTLET. 

This  culvert  was  undermined  about  15  feet.    There  was  about 
as  much  water  flowing  under  this  culvert  as  through  it  at 
the  time  of  this  picture. 


shown  in  Figure  3°    The  outlet  piping  hole  was  large  enough  to  crawl  into, 
and  with  a  flashlight ,  a  channel  with  a  profile  similar  to  that  shown  in 
Figure  k  was  observed. 

According  to  Mr.  Ogan,  a  farmer  who  lives  about  100  yards  from 
this  structure ,  piping  developed  the  first  year  after  installation  (l958)» 
The  culvert  has  never  flowed  over  half  full  and  the  piping  channel  has 
become  progressively  worse.    Mr.  Ogan  said  that  during  construction,  the 
backfill  was  watered  and  tamped  with  an  air  hammer.    The  soil  at  this 
site  consisted  of  a  silt  with  a  PI  of  four. 
Okeefe  Culvert 

At  this  site,  there  are  two  reinforced  concrete  pipes,  four  feet 
in  diameter,  installed  side  by  side.    Piping  has  developed  on  the  out- 
sides  of  each  culvert  and  between  them.    At  the  outlet,  the  hole  be= 
tween  the  pipes  was  large  enough  to  permit  a  man  to  stand  almost  erect. 
The  huge  channel  could  be  observed  to  extend  towards  the  inlet  for  a 
distance  of  at  least  20  feet  (See  Figure  5)»    The  soil  at  this  site  was 
plastic  clay  with  a  PI  of  about  2\-2h. 
Chester  Culvert 

This  6x8  pipe -arch  had  well  developed  piping  holes  at  the  sides 
of  the  inlet  which  apparently  worked  under  to  the  floor  at  the  outlet  (See 
Figure  6).    The  soil  at  this  site  was  determined  to  be  a  silty  clay  with  a 
PI  of  12. 
Wolf  Point  No.  1 

No  well  developed  piping  was  evident  at  this  ten-foot  elliptical 
shaped  culvert.    However,  the  outlet  was  undermined  about  eight  feet  and  a 
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Figure  3-    INLET  AND  OUTLET  OF  PIPING  HOLE  AT  THE  CARDWELL  CULVERT. 

The  picture  on  the  left  shows  the  inlet  piping  hole  which  extended 
back  as  far  as  could  be  seen  with  a  flashlight.    The  picture  on  the 
right  shows  the  outlet  piping  hole  which  was  large  enough  for  a 
man  to  crawl  into. 


Figure  k.    SKETCH  OF  CARDWELL  PIPING  CHANNEL. 


Shown  is  a  cross  section  of  the  piping  channel 
along  the  right  side  of  this  culvert. 
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Figure  5.  INLET  AND  OUTLET  OF 
THE  OKEEFE  CULVERT . 

In  the  picture  at  the  top,  no- 
tice how  the  fill  between  the 
culverts  has  settled.    The  pic- 
ture on  the  left  shows  the  pip- 
ing hole  between  the  pipes  at 
the  outlet. 


Figure  6.    CHESTER  CULVERT  INLET  AND  OUTLET. 

In  the  picture  on  the  left,  notice  the  piping  holes  at  each 
side  of  the  culvert  inlet.    The  picture  on  the  right  shows 
the  undermining  and  the  void  space  under  the  culvert  outlet. 

small  hole  extended  back  from  that  point  (See  Figure  7)-    Possibly  piping 
had  just  started.    An  examination  of  the  fill,  close  to  where  piping  was 
suspected,  through  holes  punched  in  the  culvert  plates  revealed  the  soil 
to  be  extremely  soft  and  near  its  liquid  limit.    The  soil  was  a  plastic 
clay  with  a  PI  of  25. 
Wolf  Point  No.  2 

A  small  hole  at  the  side  of  the  outlet  of  this  ten-foot  culvert 
looked  like  a  piping  hole  that  had  not  reached  an  advanced  stage  (See 
Figure  8).    The  hole  was  investigated  by  digging  back  several  feet  with 
a  shovel,  and  the  hole  continued.    Exploration  holes  punched  in  the  cul- 
vert plates  revealed  the  plastic  clay,  with  a  PI  of  22,  to  be  quite  soft. 

No  channel  could  be  traced  the  full  length  of  the  pipe  and  no  hole  was 
evident  at  the  inlet,  indicating  that  the  piping  was  at  an  early  stage. 
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Figure  7-    WOLF  POINT  NO.  1  OUTLET. 


This  picture  shows  the  undermining  at  the  outlet.  A  small  hole 
extended  back  also,  but  is  not  very  visible  in  the  picture. 
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Figure  8.    WOLF  POINT  NO.  2  OUTLET . 

Shown  is  a  hole  suspected  to  be  a  piping  hole  at 
the  outlet  of  this  culvert. 
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SCHMIDT  HAMMER  MP  HOLE  PUNCH  SURVEY 

The  Schmidt  hammer,  an  instrument  developed  to  get  estimates  of 
concrete  strengths  through  rebound  readings ,  was  used  during  the  first 
extensive  surveys  (19^3 )  "to  help  determine  the  fill  condition  behind  the 
culvert  walls.    Readings  were  taken  by  placing  the  plunger  in  the  "valleys" 
of  the  corrugations ,  the  plunger  perpendicular  to  the  surface ,  and  pushing 
the  hammer  down  on  the  plunger  until  the  spring-loaded  weight  was  trig- 
gered.   The  weight  would  rebound,  giving  a  numerical  reading  on  a  scale 
on  the  side  of  the  hammer. 

The  Schmidt  hammer  was  first  used  in  the  Cardwell  culvert  where 
a  known  piping  hole  existed.    With  readings  from  this  culvert-,  an  arbit- 
rary tentative  scale  was  set  up  to  estimate  the  firmness  of  the  fill  be- 
hind  the  plates.    Readings  below  28  were  considered  to  indicate  emptiness; 
between  28  and  3*1-,  soft  or  loose  fill;  and,  3^  and  higher ,  firm  fill. 

During  the  summer  of  196U ,  in  an  attempt  to  establish  a  more  re- 
liable scale  for  indicating  the  backfill  firmness,  holes  were  punched,  at 
points  with  known  Schmidt  hammer  readings,  with  a  steel  punch  and  heavy 
hammer  in  28  of  the  55  Large  Culvert  Research  Project  culverts.  Through 
these  holes,  the  backfill  was  examined  with  a  flashlight  and  an  eighth- 
inch  diameter  probing  wire.    After  the  examination,  the  holes  were  sealed 
with  General  Electric  silicone  construction  sealant. 

Data  was  collected  by  the  following  procedure:    first,  a  Schmidt 
hammer  reading  was  taken  at  a  desired  point;  second,  a  hole  was  punched; 
third,  the  fill  was  observed  with  a  flashlight  and  probed  with  a  wire. 
Notes  were  recorded,  listing  the  Schmidt  hammer  reading  and  the  fill  con- 


se- 
dition.   The  fill  condition  was  recorded  as  firm,,  soft,  or  empty.  Also., 
the  distance  the  probing  wire  penetrated  was  noted.    Table  II  shows  a 
condensed  summary  of  the  data.    Variables  other  than  the  fill  condition 
are  apparent  from  the  data:    the  gage  of  the  metal,  the  curvature  of  the 
plates  and,  of  somewhat  secondary  importance,  the  orientation  of  the 
hammer.    At  least  80  percent  of  the  readings  taken  are  included  in  the 
ranges  indicated  in  the  table.    A  complete  tabulation  of  all  the  data 
taken  is  presented  in  Appendix  B. 

Referring  to  Table  II again,  some  overlapping  of  the  ranges  is 
evident.    This  points  out  that  there  is  not  always  a  distinct  range  of 
readings  that  indicate  a.  fill  condition.    Rather,  the  Schmidt  hammer  can 
be  considered  as  a  tool  to  help  determine  the  fill  condition  behind  cul- 
vert plates . 

One  of  the  shortcomings  of  the  Schmidt  hammer  was  the  shape  of 
the  plunger  head.    The  face  of  the  plunger  has  about  the  same  curvature 
as  the  surface  the  readings  were  taken  on.    In  some  instances,  upon  re- 
peated readings,  the  numerical  readings  would  increase  as  the  surface 
roughness  in  the  zinc  coating  was  flattened  out.    Perhaps,  by  using  a 
modified  plunger  with  a  different  shaped  face,  the  variation  could  be 
eliminated  or  at  least  reduced. 

SOIL  TESTS  ON  SAMPLES  FROM  PIPING  HOLES 

Tests  on  soil  taken  from  the  piping  holes  of  the  six  culverts 
listed  earlier  in  this  Chapter  revealed  a  range  of  soil  types  from  a 
plastic  clay  to  a  cohesionless  sand.    Table  m shows  a  tabulation  of  the 
soil  types.    The  results  of  the  mechanical  analysis  of  the  soil  samples 
can  be  seen  in  Appendix  A. 
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Table  HI.  CLASSIFICATION  OF  SOIL  SAMPLES  TAKEN 
FROM  PIPING  HOLES . 


F™  SOIL  NAME 

PI 

LL 

TEXTURAL  TYPE 

AASHO  CLASSIFICATION  1 

Emigrant 

0 

Gravelly  sand  with 
boulders 

A-l-b  (0) 

Card well 

k 

29 

Silt 

A4-  (8) 

pkeefe 

23 

Clay 

A-7-5  (1*0 

Chester 

12 

31 

Silty  clay 

A-6  (7) 

Wolf  Point  No.  1 

25 

kk 

Clay 

A-7-5  (15) 

Wolf  Point  No.  2 

22 

k2 

Clay 

A-7-5  (13) 

The  fact  that  piping  did  occur  in  a  wide  range  of  soil  types  does 
not  necessarily  mean  that  all  soils  in  this  range  are  equally  susceptible 
to  piping.    In  almost  any  soil  there  is  a  possibility  that  a  weakness  zone  ? 
due  to  poor  compaction  and/or  settling  of  the  backfill,  may  allow  the  rater 
to  seep  easily  and  piping  to  develop.    This  could  take  place  both  in  the 
backfill  alongside  a  culvert  or  in  the  culvert  bedding.      As  pointed 
out  in  Chapter  II p  a  good  bedding  foundation  and  good  compaction  of  the 
backfilL  is  necessary  to  prevent,  or  at  least  cut  down^  the  possibility  of 
piping. 

A  device  similar  to  a  falling  head  permeameter ,  used  for  getting 
permeability  coefficients  of  soils ,  was  constructed  in  the  soil  mechanics 
laboratory  in  an  attempt  to  develop  a  laboratory  test  to  determine  the  sus- 
ceptibility of  different  soil  types  to  piping.    After  weeks  of  experimental 


tion;  a  satisfactory  testing  procedure  was  never  developed  and  the  tests 
were  abandoned.    However «,  it  is  reasonable  to  expect  a  cohesionless  soil-, 
such  as  sand  or  silt,  to  pipe  more  readily  than  a  cohesive  soil,  such  as 
clay,  under  similar  conditions. 


CHAPTER  V 
CASE  STUDY 

CRACKED  PLATES  AT  EMIGRANT 

The  Emigrant  culvert,  a  l6'-7"  x  10' -1" -structural  plate  pipe- 
arch  of  three -gage  metal  (See  Table  I  for  other  details),  was  chosen  for  a 
case  study  because  of  the  existence  of  both  cracked  plates  and  piping. 

The  plates  are  cracked  along  the  left  longitudinal  seam  joining 
the  l8-inch  radius  corner  plates  and  the  curved  wall  plates.    The  culvert 
is  about  88  feet  long  and  the  plates  are  cracked  for  about  50  feet  along 
the  left  side  (looking  downstream).    See  Figure  9  for  a  close-up  picture 
of  the  cracked  plates . 


Figure  9.  CRACKED  PLATES  IN  THE 
EMIGRANT  CULVERT. 
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According  to  Earl  Best.,  who  was  project  engineer  during  the  con- 
struction of  the  Emigrant  Culvert  (during  1958),  the  contractor  for  the 
initial  construction  was  held  to  the  specifications  and  a  close  inspection 
was  maintained  throughout  construction.    However f  the  culvert  "failed" 
when  some  of  the  backfill  and  bedding  was  eroded  away  from  the  left  side, 
shortly  after  initial  construction.    The  failure  consisted  of  the  culvert <, 
and  the  overlying  fill,  settling  excessively 0    A  highway  maintenance  crew 
dug  out  part  of  the  culvert  and  repaired  the  damage  before  pavement  was 
put  over  it. 

No  cracks  were  noticed  or  reported  by  anyone  after  the  repair  work 
was  finished .    The  cracked  plates  were  first  discovered  during  the  first 
inspection  of  this  culvert  the  summer  of  1963-    Also  noticed  during  this 
inspection  were  the  badly  deformed  wall  sections,,  which  were  somewhat  caved 
in,  on  the  same  side  as  the  cracked  plates.    Table  IV  shows  the  heights  and 
spans  at  cross  sections  throughout  the  Emigrant  culvert  as  measured  in  the 
field . 

Table  T¥    GROSS  SECTION  MEASUREMENTS  OF  THE  EMIGRANT  CULVERT. 

Shown  are  clear  span  and  height  measurements  as  measured  in 
the  field.    The  original  measurements  were  l6t~7"  x  10' =1". 


DISTANCE  FROM  INLET 

SPAN 

HEIGHT 

I  15 1 

16' -8" 

9' =7" 

32« 

17 8 -0" 

kk'  (Middle) 

i7»-o" 

9»  -2" 

60 7 

17!-0" 

77* 

16 9 -k" 

9»~8" 
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Figure  10  shows  the  undeformed  and  deformed  shapes  of  the  Emigrant 
culvert  as  used  in  the  structural  analysis  later  in  this  Chapter. 


Road  Surface 


Field  Measured 
Overburden  Approximately 
6.5' 


Figure  10.  DEFORMED  AND  UNDEFORMED  EMIGRANT 
CULVERT . 

The  measurements  for  the  deformed  shape  are 
from  cross  sections  located  M+'  (middle) 
and  50 1  from  the  inlet . 


Also.,  the  culvert  was  cantilevered  at  the  outlet  and  the  floor  sagged  down- 
ward. In  other  words ?  the  outlet  was  undermined  and  the  sagging  was  appar- 
ently due  to  lack  of  support  under  the  sagged  portion  of  the  floor „ 
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PIPING  CHANNEL  TRACED 

Piping  was  in  evidence  during  the  first  inspection  because  of 
the  extensive  undermining  at  the  outlet  and  the  water  flowing  from  under 
the  culvert «    However,  it  was  not  until  the  second  inspection,  during  the 
summer  of  196k 9  that  extensive  piping  along  the  left  side  of  the  culvert 
was  discovered .    Piping  along  the  sides  was  not  suspected  during  the  in- 
itial Schmidt  hammer  survey  because  no  criterion  had  yet  been  established 
for  readings  in  three-gage  culverts .    Most  of  the  previous  Schmidt  hammer 
readings  had  been  taken  in  eight  and  ten-gage  culverts .    The  open  channel 
was  found  when  holes  were  punched  during  the  hole  punch  survey  described 
in  the  preceding  Chapter. 

Figure  11  is  a  sketch  showing  the  piping  channel  as  traced  by  the 
hole  punch  survey. 

It  appears  likely  that  water  flowed  under  the  culvert  in  the  grave 
foundation  (noted  from  original  construction  notes),  carrying  away  the 
finer  particles,  leaving  voids.    The  backfill  material  along  the  left  side 
was  then  free  to  sluff  off  or  settle  into  the  voids,  with  the  finer  mater- 
ial  being  continuously  washed  away,  enlarging  the  hole  along  the  side» 

According  to  Arthur  A.  Anderson,  Maintenance  Foreman  for  the  Emi- 
grant area,  the  road  surface  has  settled  over  the  culvert  several  times 
and  has  been  patched.    Also,  riprap  has  been  dumped  in  near  the  outlet  sev- 
eral times  and,  in  the  fall  of  19^3 $  the  creek  water  was  diverted  and  the 
inlet  end  stream  bed  and  foundation  were  dug  out  several  feet  deep  and  abou 
four  feet  back  under  the  culvert „    About  three  cubic  yards  of  earth  were 
packed  into  the  dug-out  hole.    Also,  rocks  were  hand  placed  under  the  under- 
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—  88 !  — 
SIDE  VIEW 


SECTION  A -A 


Figure  11.    PIPING  CHANNEL  AT  EMIGRANT  CULVERT » 

The  floor  was  intermittently  supported  on  gravel 
in  the  piping  region  shown.    The  left  wall  had 
one  big  void  space  behind  it,,  varying  in  size 
similar  to  that  shown  above . 
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mined    outlet  at  this  time. 

Inspection  during  the  summer  of  196k  showed  that  many  of  the  hand 
placed  rocks  under  the  outlet  had  been  washed  away  and  water  was  flowing 
under  the  culvert . 

MOMENT  STRENGTH  OF  CULVERT  SEAMS  and  MOMENT  ANALYSIS  OF  EMIGRANT  CULVERT 

It  was  hypothesized  that  the  failure  of  the  Emigrant  culvert }  in 
the  form  of  cracked  plates  along  a  longitudinal  seam,  was  caused  by  bend- 
ing moments  in  excess  of  the  moment  capacity  of  the  seams.    This  hypothesis 
is  given  support  by  pictures  in  Michigan  Engineering  Experiment  Station 
Bulletin  109>  on  pages  29  and  30,  which  show  plate  sections  with  bolted 
seams  that  were  tested  to  failure  by  bending  and  exhibit  cracks  like  those 
existing  in  the  Emigrant  culvert. 

An  investigation  of  the  test  data  in  Bulletin  109  to  see  what  bend» 
ing  moments  were  developed  at  failure  will  now  be  presented . 
Moment  Strength  of  Culvert  Seams 

The  information  provided  in  Bulletin  109  that  was  used  in  this 
presentation  pertains  mainly  to  the  single  bolted  sections  of  tests  three, 
four,  five  and  six.    However,  some  reference  is  made  to  the  tests  on  plain 
sections  for  comparison  purposes . 

Test  three  consisted  of  a  column  test  on  sections  having  a  150-inch 
radius.    The  only  difference  in  test  four  was  that  30-inch  radius  sections 
were  tested  (See  Figure  12). 

Tests  five  and  six  were  simple  beam  tests  where  the  specimens  were 
supported  at  both  ends  and  subjected  to  a  downward  force  at  the  center. 
Test  five  consisted  of  150-inch  radius  sections  while  test  six  had  50-inch 
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c+z 


TEST  3 

150"  Radius  Plates 


TEST  k 

30"  Radius  Plates 


Figure  12.    STANDARD  STRUCTURAL  CULVERT  PLATES  TESTED 
AS  COLUMNS . 

The  sketches  show  the  culvert  sections  before  testing 
and  the  deflections  at  failure  for  tests  three  and 
four  in  Bulletin  109-    z  is  the  horizontal  deflection 
corresponding  to  the  peak  load,  Q. 

radius  sections  (See  Figure  13). 

The  moments  developed  at  failure  for  test  three  and  four,,  M^^., 
are  equal  to  the  ultimate  load,  Q,  times  (c  +  z).    See  Figure  12. 

Table  V  is  a  tabulated  summary  of  the  analysis  of  data  for  tests 
three  and  four. 

Table  VI  is  a  tabulated  summary  of  the  analysis  of  the  data  for 
tests  five  and  six.    The  maximum  moments  for  tests  five  and  six  are  equal 
to  one -half  the  ultimate  load  times  the  distance,  d,  at  the  time  of  failure 
(See  Figure  13 ) . 

From  the  values  in  Tables  V  and  VI,  it  can  be  seen  that  the  bolted 
sections  developed,  for  all  practical  purposes,  the  full  moment  capacity 


( 


Figure  13 .    CULVERT  PLATES  TESTED  AS  SIMPLE  BEAMS . 

The  sketch  shows  culvert  sections  as  loaded  in 
the  simple  beam  tests,  numbers  five  and  six,  in 
Bulletin  109 . 


of  the  unbolted  plates .  * 

Also  of  interest  is  that  the  plates  of  tests  three  and  four,  which 
were  under  considerable  ring  compression,  P/A,  during  the  bending,  resisted 
bending  moments  of  approximately  the  same  magnitude  as  the  plates  of  tests 
five  and  six,  which  were  subjected  to  no  ring  compression. 

From  data  shown  in  Tables  V  and  VI,  the  plot  of  gage  thickness 
versus  failure  moments  gives  the  results  as  shown  in  Figure  lk* 

Of  interest  in  this  particular  case  study  is  the  maximum  moment 
that  can  be  resisted  by  a  standard  three-gage  culvert  plate  with  a  single 
bolted  seam.    By  drawing  a  line  that  fits  the  points  plotted  in  Figure 
1*4-,  a  value  of  9,300  ft-lb/ft  is  indicated  as  the  maximum  bending  moment 
possible  for  a  three-gage  section.    This  value  will  be  referred  to  in  a 
following  section. 
Moment  Analysis  of  Emigrant  Culvert 

Referring  back  to  Figure  11,  very  little  lateral  support  was  avail- 
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Table  VI.  SUMMARY  OF  ANALYSIS  OF  DATA 
FOR  SIMPLE  BEAM  TESTS 


Pd 

TEST 

GAGE  & 

Q 

p 

a 

2 

BOLTED 

ULT. 

KIPS 

AVE. 

MAX. 

(B)  OR 

LOAD, 

PER 

ULT. 

MOMENT 

PLAIN 

KIPS 

INCH 

MOMENT 

IN  -LBS 

(P) 

ARM, 
INCHES 

PER 
INCH 

5 

1  B 

19.0 

.86^ 

2^.25 

10.5 

P 

I8.9 

.860 

2^.25 

10.U 

7  B 

11-9 

.5^1 

2^.25 

6.6 

P 

11.5 

.523 

2U.25 

6.3 

12  B 

6.8 

.309 

2k.  25 

3-7 

P 

6.1 

•277 

2U.25 

3A 

6 

1  B 

18.0 

.818 

23-75 

9.7 

P 

22.0 

1.000 

23*75 

11.9 

7  B 

12.0 

.5^6 

23  =  75 

6.5 

P 

13.8 

.627 

23.75 

7^ 

12  B 

6.9 

.313 

23.75 

3*7 

P 

7-6 

.3^5 

23-75 

able  along  the  left  side  of  the  Emigrant  culvert.    A  structural  analysis 
of  this  culvert  with  no  lateral  support  will  be  presented  in  order  to  dem<= 
onstrate  what  bending  moments  might  develop  as  a  result  of  the  vertical, 
soil  overburden  load  only. 
Basic  Mechanics 

Consider  the  half -section  of  a  culvert  shown  in  Figure  15-  If 
the  loading  is  symmetrical,  there  will  be  no  rotation  at  either  A  or  B, 
and  &Q ,  the  rotation  of  the  tangent  at  B  with  respect  to  the  tangent  at 
A  will  be  equal  to  zero.    Also,  for  symmetrical  loading,  the  horizontal 
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deflection  of  both  A  and  B  is  zero;  therefore,  ax,  the  horizontal  deflec- 
tion of  B  with  respect  to  A  is  equal  to  zero. 


Section 


Free  To  Move  Vertically, 
But  Not  To  Rotate 


Section 


Figure  15.    CULVERT  HALF -SECTION, 

The  culvert  half -section  is  divided  into  equal  segments  , 
as.    The  coordinates,  x^  and       are  shown  for  the  i^1 
segment . 

From  well  known  structural  theory,  the  following  equations  for  A0 
and  ax  are  arrived  at  through  a  simple  extension  of  the  area-moment  theo- 
rems .    The  equations  are  valid  for  the  elastic  range  only,  and  only  when 
deflections  are  primarily  caused  by  bending. 


n 


A9  =    "5"  M. 
1=1  1 


AS 

EI 


=  0 


ax  =    X     Miyi    gY    =  0 
i=l 


( 
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These  equations  have  been  -written  in  terms  of  finite  summations 
instead  of  integrals  because  it  is  much  easier  to  solve  them  in  this  form 
in  most  practical  situations.    To  conveniently  make  use  of  these  equations , 
the  half -culvert  wall  is  first  graphically  divided  up  into  a  large  number, 
n,  of  small  segments  of  equal  length,  as?  as  indicated  in  Figure  15=  The 
coordinates  of  the  midpoint  of  each  segment  (measured  from  B)  may  then  be 
scaled  from  the  drawing.    In  Figure  15,  x.  and  y^  are  the  coordinates  of 
the  i^  segment.    Referring  to  other  terms  in  the  equations,        is  the 
bending  moment  at  the  center  of  the  i**1  segment,  E  is  the  modulus  of  elas- 
ticity of  the  culvert  wall,  and  I  is  the  centroidal  moment  of  inertia  of 
the  wall  cross  section.    In  a  culvert  where  plates  of  the  same  thickness 
are  used  all  the  way  around  the  perimeter,  both  I  and  E  will  be  constant., 

AS 

The  entire  expression  "will  then  be  the  same  for  every  segment,  and  the 

preceding  equations  will  reduce  to: 
n 

Z    M.     =0  (1) 
i=l 

and 

n 

21  M±y±  =  0  (2) 

i=l 

For  a  given  symmetrical  loading,  equations  (l)  and  (2)  may  be 

used  to  solve  for  the  bending  moment,  M^,  and  the  horizontal  thrust,  R^, 

at  the  top  point;B.    Having  these,  the  bending  moment  at  any  point  may 

then  be  calculated.    This  will  be  illustrated  below  for  the  use  of  uniform 

loading  (the  same  pressure,  p,  acting  vertically  and  laterally). 

Figure  l6  shows  a  free -body  diagram  of  part  of  the  culvert  wall 

th 

when  point  D  is  taken  as  the  midpoint  of  the  i  segment. 
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Figure  16.  FREE -BODY  DIAGRAM  OF 
PART  OF  CULVERT  WALL. 


From  statics  we 'may  write  that  the  sum  of  the  moments  about  point 
D  is  equal  to  zero  and  solve  for       in  terms  of  Mg  and  Rg  as  follows: 


=  0 


2  2 

p  y±  p  X4 

M    +             +  *  J       -  M    -  H  y      =  0 

i         d  d             B       B  i 


2         2  2 

Next  substituting    (y^    +  x^  )  =        ,  where       is  the  length  of  the  chord 


from  B  to  D,  we  get: 


M    =  M    +  H  y    -  |  c±2 
i        B       B  l      2  1 


,3) 


Computer  Program 


With  the  use  of  the  foregoing  equations ,  a  Fortran  computer  pro- 
gram for  finding  the  bending  moments  at  any  section  in  a  culvert  wall  was 
developed    for  use  in  an  IBM  1620.    This  program  was  developed  for  "p" 
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loading  (equal  vertical  and  lateral  pressures). 

The  input  data  required  for  the  computer  program  is:  the  number 
of  sections.,  n,  into  which  the  half -culvert  is  divided,  the  uniform  pres- 
sure ,  p,  on  the  culvert ,  and  the  coordinates  x. ,         and  c^* 

Another  program,  similar  to  the  one  above 9  was  used  to  solve  for 
bending  moments  with  uniform  lateral  loading  only,  of  pressure  q«  By- 
subtracting  the  bending  moments  computed  for  "q"  loading  from  those  cal- 
culated for  "p"  loading,  the  bending  moments  for  vertical  loading  with  no 
lateral  support  are  obtained,  if  q  is  considered  equal  to  p. 

Besides  the  loading  of  interest  in  this  study,  the  programs  permit 
one  to  easily  calculate  moments  for  a  loading  situation  wherein  the  lateral 
pressure  is  equal  to  any  desired  percentage  of  the  vertical  pressure.  For 
example,  the  moments  for  a  situation  where  the  lateral  pressure  is  equal 
to  two-thirds  of  the  vertical  pressure  may  be  obtained  by  setting  q  equal 
to  one -third  p  and  subtracting  the  moments  for  this  situation  from  the  "p" 
load  moments . 

These  programs,  along  with  input  and  output  data  and  a  worked  out 
example,  are  presented  in  Appendix  C. 
Results  of  Analysis  of  the  Emigrant  Culvert 

Figure  17  shows  a  typical  cross  section  of  the  Emigrant  culvert 
with  the  loading  approximated  by  a  935  psf  average  overburden  pressure, 
and  zero  lateral  pressure,  which  corresponds  approximately  to  the  over- 
burden situation  when  the  culvert  was  surveyed  in  the  summers  of  19^3  and 
196^ .    The  total  volume  of  earth  over  the  culvert  would  result  in  a  depth 
of  about  eight  and  one -half  feet  if  spread  out  evenly. 
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Figure  17 .    TYPICAL  CROSS  SECTION  OF  THE  EMIGRANT 
CULVERT . 

The  figure  shows  the  overburden  and  the  approximated 
pressure  on  the  Emigrant  culvert „ 

Using  the  unde formed  shape  of  the  culvert,  the  theoretical  moment 
diagram  for  an  average  vertical  pressure  of  (8.5)(llO)  -  935  psf  is  shown 
in  Figure  18(a) . 

Using  the  deformed  culvert  shape 3  as  it  existed  at  the  time  of 
this  research,  the  theoretical  moment  diagram  is  that  shown  in  Figure  18(b). 
A  comparison  of  the  two  moment  diagrams  shows  that  in  this  case,  calculated 
theoretical  moments  are  in  error  by  as  much  as  12  percent  at  section  13,  if 
the  culvert  deformation  is  neglected . 

The  tables  of  bending  moments  from  which  the  moment  diagrams  were 
plotted  are  given  in  Appendix  C. 
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Figure  18.  MOMENT  DIAGRAM  FOR  UNDEFORMED  AND 
DEFORMED  EMIGRANT  CULVERT. 


The  diagrams  represent  the  bending  moments  for 
the  Emigrant  culvert  with  a  vertical  pressure 
of  935  psf  and  no  lateral  pressure. 

As  can  be  seen  in  Figure  ll+,  the  maximum  moment  possible  on  this 
type  seam  as  determined  from  data  in  the  report  of  the  Michigan  Experiment 
Station  test,  for  three-gage  plates  is  9*300  ft-lbs  per  foot  of  seam.  If 
9,300  ft-lb/ft  is  the  maximum  moment  possible,  then  those  calculated  for 
the  deformed  Emigrant  culvert  (Figure  18(b))  indicate  that  the  culvert 
plates  were  stressed  into  the  plastic  range  in  several  places.    In  fact, 
the  cracked  plates  are  evidence  that  the  upper  limit  of  the  plastic  range 
was  exceeded  at  section  13  and  the  cracks  resulted ,  forming  a  hinge  along 
the  seam.    With  a  hinge  along  this  longitudinal  seam.,  the  moments  at  the 
top  and  bottom  of  the  culvert  section  will,  without  doubt,  reach  their 
maximum  "plastic"  values.    In  other  words,  a  plastic  hinge  will  develop 
at  both  B  and  A.    This  is  a  logical  assumption  since  there  was  no  evi- 
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dence  of  seam  damage  at  the  top  or  bottom  of  the  culvert . 

The  fact  that  the  culvert  is  still  standing  constitutes  evidence 
that  there  is  some  lateral  support  acting,  and  the  assumption  that  the 
culvert  is  subjected  to  zero  lateral  pressure  is  too  severe .    Using  a 
typical  one -foot  long  section  from  the  region  of  the  large  piping  hole 
did  not  take  into  consideration  the  lateral  support  provided  the  culvert 
near  the  ends.    Also,  there  is  lateral  support  above  the  piping  hole.  How- 
ever, neglecting  the  lateral  support  is  compensated  for,  to  some  degree, 
by  the  fact  that  vehicle  loads  were  neglected  also. 

To  get  an  idea  of  how  much  lateral  support  would  be  necessary 
to  keep  the  bending  moments,  computed  under  the  assumption  of  the  fore- 
going analysis,  within  the  maximum  9^300  ft -lb/ft,  consider  the  output 
data  given  in  Appendix  C  for  the  undeformed  Emigrant  culvert  with  uniform 
pressure,  p,  acting  vertically  and  horizontally.    The  maximum  coeffic- 
ient, at  section  13 >  is  -13-8.    Multiplying  -13-8  by  935  psf,  a  moment  of 
-12,900  ft -lb /ft  is  obtained.    This  is  a  reduction  of  2k  percent  in  the 
bending  moment  at  section  13,  but  is  still  in  excess  of  the  maximum  pos- 
sible moment  of  9,300  ft -lb /ft. 

In  a  properly  installed  flexible  culvert,  the  lateral  pressure 
may  actually  be  larger  than  the  vertical  pressure,  but,  assuming  the  in- 
itial pressures  were  the  same  in  this  case,  there  is  an  indication  that 
the  culvert  could  have  been  stressed  into  the  failure  range  before  piping 
removed  the  lateral  support.    However,  it  is  reasonable  to  say  that  loss 
of  lateral  support  adds  to  the  danger  of  excessive  stresses  due  to  larger 
bending  moments. 


CHAPTER  VI 

DISCUSSION,  CONCLUSIONS  AND  RECOMMENDATIONS 

DISCUSSION 

The  problem  of  piping  has  to  be  regarded  as  a  serious  one,  not 
only  because  of  the  cost  of  repairs  or  replacement  of  a  completely  washed- 
out  culvert,  but  also  because  of  the  possible  dangers  to  unsuspecting  motor- 
ists ,  if  the  road  surface  should  collapse  into  a  piping  channel. 

In  the  case  of  the  Cardwell  culvert  and  the  Okeefe  Creek  cul- 
verts, the  piping  was  to  such  an  advanced  stage  that  there  was  a  possibil- 
ity of  the  fill  over  the  void  collapsing,  making  a  break  in  the  road  surface. 
Collapsing  of  the  fill  was  in  evidence  at  the  inlet  side  of  the  Okeefe  cul- 
verts on  the  sloping  portion  of  the  fill  between  the  culverts  (See  Figure 
5). 

In  several  cases,  the  soil  apparently  was  arching  over  piping 
holes  and  appeared  to  be  safe.    However,  with  a  piping  channel  already 
formed,  high  water  could  easily  erode  the  fill  to  such  a  degree  that  the 
arching  soil  would  collapse. 

There  is  also  the  possibility  that  the  loss  of  lateral  support 
due  to  piping  may  lead  to  cracked  plates  and  possibly  complete  structural 
collapse.    A  seam  with  cracked  plates  can  carry  very  little,  if  any,  bend- 
ing moment  and  acts  as  a  hinge.    After  a  hinge  has  formed,  other  portions 
of  the  culvert,  mainly  longitudinal  seams  at  the  center  top  and  bottom, 
can  be  stressed  above  allowable  limits,  leading  to  a  collapse. 

In  the  Emigrant  culvert  the  longitudinal  seams  ran  in  a  straight 
line  the  full  length  of  the  culvert .  In  some  culverts  the  longitudinal  seams 
are  off -set  from  one  plate  to  the  next.    Cracked  plates  in  this  type  of  cul- 
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vert  were  seen  in  at  least  two  Large  Culvert  Research  Project  installations , 
Numbers  7  and  kk.    The  cracks  followed  the  seams  from  one  plate  to  the  next 
even  though  they  were  not  in  a  straight  line-    As  was  pointed  out  in  the 
case  study  in  Chapter  V,  the  seams,  for  all  practical  purposes ,  can  resist 
moments  of  the  same  magnitude  as  the  plain  section.    Why  is  it  then,  that 
the  cracked  plates  follow  the  seams  of  one  section  to  the  off -set  seam 
of  the  next  section? 

A  possible  explanation  is  that  excessive  stress  concentrations 
develop  at  the  edges  of  the  bolt  holes,  these  stresses  being  of  a  higher 
value  than  those  that  develop  anywhere  else  in  the  plates.    In  other  words } 
the  bolt  holes  are  the  weak  spots  in  the  plates  and  cracking  will  occur 
here  before  anywhere  else . 

Some  comments  can  be  made  about  the  existence  of  piping  and  how 
to  find  it.    The  only  sure  methods  found  in  this  study  for  the  determination 
of  piping  around  culverts  are  visual  observation  of  piping  holes  at  the 
ends  of  the  culvert  and  tracing  a  piping  hole  by  punching  holes  in  the  cul- 
vert wall. 

The  results  of  the  hole  punch  and  Schmidt  hammer  survey  indicate 
that  the  Schmidt  hammer  is  useful  for  determining  the  fill  condition,  but 
no  exact  correlation  between  Schmidt  hammer  readings  and  the  fill  condition 
were  evident.    However,  when  the  variables  involved  are  taken  into  consid- 
eration 9  the  Schmidt  hammer  can  supplement  an  investigation  of  the  backfill. 

During  the  hole  punch  survey,  many  cases  of  extremely  soft,  wet, 
fill  behind  the  culverts  were  found.    An  eighth-inch  diameter  wire<,  that  was 
used  for  probing  through  a  punched  hole,  could  easily  be  pushed  into  the  fill, 


sometimes  as  much  as  two  feet.    The  backfill  was  certainly  not  placed  in 
this  wet  condition,  so  the  water  must  have  infiltrated  from  outside  sources. 
This  leads  to  the  question  of  what  effects  this  water  may  have  on  the  back- 
fill.   Some  soils  swell  excessively  when  wetted  and  pressures  due  to  the 
swelling  may  be  harmful  to  the  culvert-    Also,  it  seems  logical  that  the 
fill  next  to  a  culvert  could  freeze  during  winter .    Ice  lenses  could  form, 
causing  harmful  pressures.      There  is  also  the  possibility  that  when  the 
ice  lenses  melt,  voids  will  be  left,  making  an  ideal  weakness  zone  for  seep- 
age to  occur. 

With  regard  to  soil  types,  piping  was  found  to  have  developed  in 
a  wide  range  of  soils.    Although  a  cohesionless  sand  or  silt  would  be  ex- 
pected to  be  more  susceptible  to  piping  than  a  cohesive  soil,  full  con- 
sideration should  be  given  to  the  prevention  of  piping  during  design  and 
construction  with  any  soil. 
CONCLUSIONS 

In  view  of  the  foregoing  discussion  and  study f  the  following  con- 
clusions were  reached. 

1)  Piping  removes  backfill  from  around  a  culvert  and,  in  some 
cases,  causes  an  excessive  loss  of  lateral  support.  (There 
is  a  possibility  the  loading  situation  that  develops  under 
these  conditions  may  cause  excessive  bending  moments  which 
stress  the  culvert  plates  to  the  failure  limit.) 

2)  The  Schmidt  hammer  is  a  useful  tool  for  helping  to  determine 
the  fill  condition  behind  culvert  plates . 

3)  Piping  occurs  in  a  wide  variety  of  soil  types,  including 
sand,  silt  and  clay. 

RECOmENDATIONS 

Due  regard  should  be  given  to  the  problem  of  piping  in  the  design 


and  construction  of  culverts .    There  is  no  way  of  determining  the  exact 
cause  of  piping,  but  the  following  factors  may  influence  the  development 
of  piping  and  can  be  considered  in  either  design  or  construction. 
Degree  of  Compaction  for  Culvert  Bedding  and  Backfill 

As  pointed  out  in  the  Literature  Search,  the  proper  degree  of  com- 
paction should  be  specified.    Then,  close  inspection  should  be  employed 
during  construction  to  see  that  the  specifications  are  carried  out. 
Head walls 

Headwalls,  both  at  the  inlet  and  outlet  are  now  standard  practice 
by  the  Montana  Highway  Department.    The  minimum  depth  from  the  invert  to  the 
bottom  of  the  headwall  is  three  feet.    It  is  recommended  that  where  excep- 
tionally erodible  soil  is  used  for  backfill,  the  headwall  should  be  extended 
downward  for  a  greater  depth.    This  would  help  prevent  undermining  at  the 
outlet  and  would  lengthen  the  seepage  paths  of  the  water  at  both  ends,  which 
helps  dissipate  the  energy  of  the  water.    Headwalls  might  also  extend  higher, 
as  the  piping  hole  at  the  Cardwell  culvert  was  above  the  standard  headwall 
height . 

92E^£2~[j£^:  Seepage 

When  the  bedding  and  backfill  material  around  the  culvert  is  such 
that  excessive  seepage  will  occur,  controls  such  as  outlet  drains  and  re- 
verse filters  can  help  prevent  the  finer  material  from  being  eroded  away. 

Outlet  drains  can  be  placed  under  the  outlet  invert,  collecting 
the  seepage  water  before  it  reaches  the  surface  of  the  fill  and  dispensing 
with  it  in  a  safe  way. 

Reverse  filters  are  placed  such  that  the  finer  material  is  placed 
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nearest  the  fill  being  protected,  with  increasingly  coarser  material  being 
placed  over  finer  material.    The  fine  material  of  the  fill  is  then  prevented 
from  eroding  away  by  the  trapping  action  of  the  filters. 
Culvert  Size 

Normal  flow  through  a  culvert  will  usually  not  be  enough  to  back 
water  up  at  the  inlet,  creating  a  head.    When  water  is  backed  up  at  the 
inlet.,  seepage  pressures  may  become  large  enough  to  cause  piping  at  a  site 
which  would  normally  be  safe  from  piping.    This  suggests  that  it  might  be 
wise  to  guard  against  allowing  large  heads  to  develop 9  in  some  cases ,  by 
specifying  a  larger  culvert. 
Culvert  Bedding 

It  is  very  important  that  the  culvert  plates  fit  firmly  on  the 
culvert  bedding,  as  a  loose  fit  will  leave  an  ideal  place  for  excessive 
seepage  and,  eventually,  piping  to  develop.    Possibly  a  template  with  the 
shape  of  the  culvert  could  be  used  in  preparing  the  culvert  bed.  Then,, 
after  all  the  bottom  culvert  plates  are  in  place,  the  entire  floor  could 
be  pulled  a  few  inches,  either  upstream  or  downstream,  to  fill  the  corruga- 
tions with  the  bedding  material  (See  Figure  19)° 

A  tractor  or  winch  could  be  used  for  pulling  on  smaller  instal- 
lations, but  this  would  not  be  possible  with  larger  pipes. 
Watertight  Joints 

If  the  joints  of  a  culvert  are  not  watertight,  seepage  may  occur 
through  the  joints,  with  water  entering  the  fill  under  high  pressure  through 
leaky  joints  near  the  outlet.    This  pressure  may  be  enough  to  erode  the 
material  around  the  culvert  and  create  an  open  channel.    Therefore,  it  would 
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be  desirable  if  all  joints  were  properly  sealed  and  watertight  so  that  seep 
age  water  would  be  forced  to  seep  through  the  soil  for  the  full  length  of 
the  culvert  so  that  most  of  its  energy  is  dissipated  before  it  reaches  the 
critical  outlet  region . 


>■  Pull 


^  Bedding  Material 
BEFORE  PULLING 


AFTER  PULLING 


Figure  19 .     CROSS  SECTIONS  OF  CORRUGATIONS  ON  BEDDING. 

The  figure  shows  the  bedding  material  with  respect 
to  the  corrugations  before  and  after  pulling  a  cul- 
vert floor. 

Cutoff  Diaphrams 

Cutoff  diaphrams  around  the  culvert  located  at  intervals  along  the 
length  of  the  culvert  would  intercept  water  seeping  close  to  the  culvert . 
The  seepage  water  would  either  be  stopped  or  the  seepage  paths  would  be 
lengthened,  dissipating  the  energy  of  the  water.    Diaphrams,  made  either 
of  metal  or  concrete,  may  be  practical  at  some  installations  and  should  be 
considered  as  a  possibility  in  controlling  seepage  water. 
Recommendations  for  Future  Study 

As  pointed  out  in  Chapter  IV,  one  of  the  shortcomings  of  the 
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Schmidt  hammer  was  the  shape  of  the  plunger  head.    The  face  of  the  plunger 
has  about  the  same  curvature  as  the  surface  the  readings  were  taken  on. 
In  some  instances,  upon  repeated  readings ,  the  numerical  readings  would 
increase  as  the  surface  roughness  in  the  zinc  coating  was  flattened  out. 

It  is  therefore  recommended  that  plungers  with  different  shaped 
faces  be  tried  to  see  if  the  variations  can  be  eliminated,  or  at  least 
reduced . 
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APPENDIX  A 
MECHANICAL  ANALYSIS 
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APPENDIX  B 
HOLE  PUNCH  DATA 
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HOLE  PUNCH  DATA  TABULATIONS  FOR  THE  LARGE  CULVERT  PROJECT 


10-1AGE  PIPE -ARCH 


REGION  READINGS  WERE  TAKEN 

WALL 

18 

"  RADIUS 

FLOOR 

EMPTY 

SOFT 

FIRM 

EMPTY 

SOFT 

FIRM 

EMPTY 

SOFT 

FIRM 

32 

Oil 

34 

40 

24 

38 

40 

24 

28 

35 

OA 

4U 

do 

40 

40 

26 

30 

38 

41 

3h 

38 

44 

22 

33 

34 

42 

44 

3^ 

40 

50 

30 

42 

40 

38 

36 

AVE, 

31 

35 

ho 

30 

39 

44 

24 

1 

30 

37 

The 

numbers 

in  the 

table  are  Schmidt  hammer 

re ad in 

gs  taken  at  points  "where 

holes  were  punched  to  determine  the  fill  condition. 


10-GAGE  CIRCULAR 


READINGS  FROM  BOTTOM  HALF  OF 

CULVERT 

EMPTY 

SOFT 

FIRM 

26  READINGS 
TAKEN 

66  READINGS 
TAKEN 

22  READINGS 
TAKEN 

RANGE 

2512 

29tk 

4. 

38^8 

Too  many  Schmidt  hammer  readings  were  taken  to  list  singly ,  therefore,,  the 
number  of  readings  that  were  taken  are  noted  along  with  the  ranges  which 
include  at  least  80  percent  of  the  readings. 


8 -GAGE  PIPE -ARCH 


REGION  READINGS  WERE  TAKEN 


WALL 

18 

"  RADIUS 

FLOOR 

r 

our  x 

"FTRM 
r  ±ruvi 

EMPTY 

CAWTl 

oUr  1 

TT'M'P1 1  "V 

our  1 

"S?TT?M 

r  ±iuvl 

3° 

)i  Q 

1+0 

40 

50 

Jo 

4U 

o  c: 

35 

4U 

1+0 

li  £ 

50 

34 

Oil 

34 

Jo 

4U 

1+0 

Mi 
44 

50 

32 

30 

1+0 

k2 

i+o 

38 

50 

28 

30 

1+2 

1+2 

1+2 

1+8 

50 

30 

30 

i+o 

1+2 

1+1+ 

1+8 

34 

38 

38 

1+0 

50 

31+ 

1+0 

h$ 

52 

30 

40 

1+0 

1+8 

36 

1+2 

1+6 

1+8 

1A 

1+0 

1+6 

46 
44 
42 
1+2 
1+2 

AVE, 

1+0 

1+2 

1+0 

1+1+ 

50 

33 

34 

i+0 

 i 

The  numbers  in  the  table  are  Schmidt  hammer  readings  taken  at  points  where 
holes  -were  punched  to  determine  the  fill  condition , 


( 
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3 -GAGE  PIPE -ARCH 


REGION  READINGS  WERE  TAKEN 

WALL 

18 

"  RADIUS 

FLOOR 

EMPTY 

SOFT 

FIRM 

EMPTY 

SOFT 

FIRM 

EMPTY 

SOFT 

FIRM 

ho 

kO 

hh 

ho 

he 

52 

38 

hh 

hh 

ho 

^5 

ho 

hh 

50 

k2 

kS 

h2 

ho 

lf8 

h2 

hh 

k& 

ho 

hh 

ho 

hh 

he 

h2 

h2 

38 

hQ 

ho 

he 

39 

hh 

hi 

1+8 

h2 

he 

ho 

AVE. 

hi 

hi 

he 
  J 

hi 

hh 

50 

lt-0 

he 

The  numbers  in  the  table  are  Schmidt  hammer  readings  taken  at  points  where 
holes  were  punched  to  determine  the  fill  condition. 
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APPENDIX  C 

COMPUTER  PROGRAMS  AND  INPUT  AND  OUTPUT  DATA 
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fqrtran  computer  programs  for  determining  the  bending  moments  at  any 
poMInTguiMr"      —  — —  —  —  —  —  — 

Program  1:    For  equal  vertical  and  lateral  pressures^  "p"  loading. 
C  C 

C        STRUCTURAL  ANALYSIS  OF  CULVERTS  WITH  UNIFORM  LOADING 
C  FOR  LARGE  CULVERT  PROJECT 

READ  100, N 

100  FORMAT  (13) 
READ  101  ,P 

101  FORMAT  (F10.5) 

DIMENSION  X(200),Y(200),C(200) 
DO  20  I=1,N 

20  READ  102,X(l),Y(l),C(l) 

102  FORMAT  (3FIO.3) 
CSQ=0. 

YSQ=0. 
CSQY=0» 
SUMY=0. 
PUNCH  105 ,P. 
105  FORMAT  (51  P  =  ,F10.5//) 

10k  FORMAT  (kJE    SECTION  COEF.  MOMENT  ///) 

FN=N 

DO  21  I=1,N 
CSQ=CSQ+C(l)**2./2. 
YSQ=YSQ+Y(l)**2. 
CSQY=CSQY+Y (l)#C(l)**2./2. 

21  SUMY=SUMY+Y(l) 

H=(CSQ/FN-CSQY  /SUMY )  /  ( SUMY  /FN  °YSQ  / SUMY ) 
FMT-CSQ /FN-H*SUMY  /FN 
Ilk  FORMAT    (h3R  SUM  Y  C  SQ/2  MOM  TOP  l/) 

115  FORMAT(2F10.2,5X,F10.3,5X,F10.3///) 
PUNCH  Ilk 

PUNCH  115,SUMY?CSQ,FMT,H 
PUNCH  ICk 
DO  22  I=1,N 

COE=FMT+H*Y(l ) -C (l )**2 . /2 . 
FMQM=€QE*P 

22  PUNCH  103,I,C0E,FM0M 

103  FORMAT  (2j-X,13AOX,F10.5,llX,F10.5) 
STOP 

END 


-58- 

Program  2:    For  lateral  pressures  "q"  only. 


C       DATA  CARDS  FOR  PROGRAM  1  CAN  BE  USED 
C       MOMENT  AT  ANY  SECTION  DUE  TO  LATERAL  LOADING 
READ    100, N 

100  FORMAT (13) 
READ  101  ,Q 

101  FORMAT (F10. 5 ) 
DIMENSION  Y(200) 
DO  20  I=1,N 

20  READ  102 ,Y (I) 

102  FORMAT (9XF10. 3) 
YSQ=0. 

YC'J=0. 
SUMY=0. 
PUNCH  105  ,Q 
105  FORMAT (5H  Q  =  ,Fl6.5//) 

10k  FORMAT  (kjE    SECTION  COEF,  MOMENT 

FN=N 

DO  21  I=1,N 

YSQ=YSQ+Y(l)**2. 

YCU=YCU+Y(l)**3-/2- 

21  sumy=sumy+y(i) 
h=(ycu-sumy*ysq/(fn*2 . ) ) /(ysq-sumy**2 . /fn) 
fmt=ysq/(fn*2 . ) -h*sumy/fn 

111*  format  (u3h  sum  y  y  sq,  mom  top  h/) 

115  format(2f10.2,5x,f10.3,5x,f10.3//) 

PUNCH  114 

PUNCH  115, SUMY, YSQ,FMT,H 
PUNCH  10k 
DO  22  1=1, N 

COE  =FMT+H*Y (l)-Y(l)**2./2. 
FMOM=COE*Q 

22  PUNCH  103,I,C0E,FM0M 

103  FORMAT  (UX,13,10X,F10.5,11X,F10.5) 
STOP 

END 


( 
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COMPUTER  PROGRAM  INPUT  DATA  FOR  THE  DEFORMED  EMIGRANT  CULVERT 

n  =  22 

p  or  q  =  0.0 


X 

c 

SECTION 

.kl 

.05 

.hi 

1 

i  ho 

1  h2 

2 

.  55 

2  35 

^? 

^  1 5 

Q5 

3  30 

3.95 

1.1+1 

1+.20 

U.75 

1 .95 

5.15 

6 

5 .  SO 

2.00 

6.07 

7 

7  00 

8 

6. 90 

3.75 

7.88 

9 

7  a? 

U.50 

8.75 

10 

T«98 

5.30 

9.60 

11 

8.35 

6.15 

10  .ho 

12 

8.50 

7.00 

11.05 

13 

8.10 

7.85 

11.32 

Ik 

7-20 

8.38 

11.10 

15 

6*20 

8.60 

10.65 

16 

5.20 

8.78 

10. 2k 

17 

I+.25 

8.92 

9-90 

18 

3-32 

9.00 

9.58 

19 

2.35 

9.05 

9-35 

20 

1.1*2 

9.15 

9.25 

21 

M 

9.18 

9.18 

22 
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COMPUTER  PROGRAM  INPUT  DATA  FOR  THE  UNDEFORMED  EMIGRANT  CULVERT 
n  =  22 

p  or  q  =  0.0 


x 

v 

c 

SECTION 

0.50 

0.01 

0.50 

1 

1.50 

0.12 

1.50 

2 

2. hi 

O.38 

2.50 

3 

3. ho 

0.72 

3.^5 

k 

1.18 

k.k2 

5 

5 .10 

1.U7 

5.38 

6 

5.8^ 

2.3Q 

6.30 

7 

6.51 

3.13 

7.20 

8 

7.09 

3.95 

8.11 

9 

7. 56 

1+.85 

8.98 

10 

7.92 

5.78 

9.80 

11 

8.18 

6.75 

10.60 

12 

8.30 

7.75 

11.3^ 

13 

7.96 

8.66 

11.78 

1U 

7.12 

9.17 

11.60 

15 

6.15 

9A1 

11. 2k 

16 

5.19 

9.60 

10.90 

17 

k.26 

9.78 

IO.65 

18 

3-31 

9.90 

10.  V* 

19 

2.38 

10.00 

10.28 

20 

1.1*5 

10.08 

10.20 

21 

O.50 

10.12 

10.12 

22 

The  proper  format,  as  indicated  in  the  computer  programs,  must  be  followed 
when  the  input  data  is  punched  on  the  computer  input  cards .    The  above  data 
is  not  in  the  exact  format  because  of  the  margin  restrictions  and  because  of 
the  effort  made  to  clarify  the  data. 


OUTPUT  DATA  FOR  UTroEFORMED  EMIGRA3W  CULVERT  WITH  "p"  LOADING 


p  =  0.0 


SUM  Y 

C  SO  /2           MOM  TOP 

H 

IOC  o 

OM-O  .)                 p  .  f 

SECTION 

COEF  a 

MOMENT 

1 

5.6 

0,0 

P 

5  2 

0.0 

J 

h  7 

0.0 

it 

"2  Q 

J  V 

0.0 

✓ 

?  7 

0.0 

6 

0.0 

7 

0.0 

8 

-2 .2 

0.0 

Q 

Ji  k 

0.0 

'  '<J  •  o 

0  0 

11 

«8.9 

0.0 

12 

0.0 

13 

-13 =8 

0.0 

lU 

»13 . 7 

0.0 

15 

-8.6 

0.0 

16 

0.0 

17 

1.8 

0.0 

18 

5»5 

0.0 

19 

S.fc 

0.0 

20 

10,6 

0.0 

21 

11.9 

0.0 

22 

13o0 

0,0 
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OUTPUT  DATA  FOR  IMDEFORMED  EMIGRANT  CULVERT  WITH  "q"  LOADING 


q  =  0.0 


SUM  Y  Y  SQ  MOM  TOP  H 


1  oc  o 
Lc.\)  .  d. 

c;  0 
P  •  J 

r<  AT?  TP 

UU.cj.r  . 

MUMCilN  1 

± 

— O  .4 

u .  u 

d 

u .  u 

a 

)i  e; 

U  .  U 

h 
4 

-2.9 

U.U 

tr 

0 

-•9 

U .  U 

/r 
o 

.<£ 

U .  U 

7 

3-3 

U.U 

o 

o 

P»l 

U.U 

9 

6.6 

0.0 

10 

7-3 

0.0 

11 

7.3 

0.0 

12 

6.3 

0.0 

13 

4,4 

0.0 

Ik 

1.7 

0.0 

15 

-.2 

0.0 

16 

-1.1 

0.0 

17 

-1.9 

0.0 

18 

-2.7 

0.0 

19 

-3.3 

0.0 

20 

-3.8 

0.0 

21 

-4.1 

0.0 

22 

-4.3 

0.0 
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OUTPUT  DATA  FOR  DEFORMED  EMIGRANT  CULVERT  WITH  "p"  LOADING 


•n  _  a  a 
p  =  U.U 

U  13*4/  c. 

MAM  TAP 

IVIUM   1  Ur 

Jtl 

X.LO  .  J_ 

7^Q  7 

k  7 

c;  7 

aat?"!? 
OUtr  • 

jYLvJJYliiirJ  ± 

1 

)i  n 

U .  U 

d. 

^•1 

A  a 
U.U 

5 

5*1 

r\  a 
U.U 

h 

Hr 

k  7 
4.  ( 

a  a 
U.U 

C 

J 

a  a 
U.U 

0 

a  a 

U.U 

7 

.0 

a  a 

0.0 

A 

0  a 

a  n 
U.U 

9 

C  A 

-i?.o 

a  a 
U.U 

t  a 
J.U 

ft  n 

U .  U 

±± 

n  k 

A  A 

u .  u 

Iff 

i!i  A 
-lM-  .O 

a  a 
0 .  U 

13 

-17.2 

0.0 

1*. 

-15.| 

0.0 

15 

-8.9 

0.0 

16 

-3.1 

0.0 

17 

2.1* 

0.0 

18 

5.7 

0.0 

19 

10.1 

0.0 

20 

12. ^ 

0.0 

21 

13.8 

0.0 

22 

1^.6 

0.0 

OUTPUT  DATA  FOR  DEFORMED  EMIGRANT  CULVERT  WITH  "q."  LOADING 
p  =  0.0 


SUMY  Y  SQ  MOM  TOP  H 


116  l 

J-  J-\J  •  JL 

86i  o          =6  2 

COEF 

MOMPITW 

-6  0 

n  n 

p 
c 

0  0 

o 
J 

J  •  1 

0  0 

*+ 

_p  n 

0  o 

_  h 

—  »  *T 

0.0 

1  k 

0  0 

7 

P  Q 

0  0 

A 

14-  1 

0  0 

9 

5-1 

0.0 

10 

5.6 

0.0 

li 

5.6 

0.0 

12 

5.0 

0.0 

13 

3.5 

0.0 

1-3 

0.0 

15 

-.3 

0.0 

16 

-1.1 

0.0 

IT 

-1.8 

0.0 

18 

-1-9 

0.0 

19 

-2.6 

0.0 

20 

-2.9 

0.0 

21 

-3.2 

0.0 

22 

-3*5 

0.0 

( 
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SAMPLE  MOMENT  CALCULATION  FROM  COMPUTER  OUTPUT  DATA 

From  the  output  data  shown  on  the  previous  two  pages ,  the  bending 
moment  in  ft -lbs /ft,  at  any  section  may  be  obtained  by  merely  multiplying 
the  coefficient  (from  column  two  in  the  output  data)  by  the  numerical  value 
of  p  or  q,  in  psf . 

As  an  example,  the  bending  moment  for  section  number  three  will  be 
computed  for  the  deformed  Emigrant  culvert  with  no  lateral  support.  This 
requires  using  the  output  from  both  programs.    As  explained  earlier  "p" 
loading  is  for  equal  pressure,  both  vertically  and  horizontally,  and  the 
"q"  loading  is  a  lateral  pressure  only. 

By  taking  the  coefficient  for  section  three  with  "p"  loading  (5°l) 
and  subtracting  from  it,  algebraically,  the  coefficient  for  section  three 
with  "q"  loading  (»3-7)>  the  coefficient  obtained  is  8.8.    Multiplying  the 
coefficient  8.8  by  the  desired  pressure,  say  p  =  q  =  935  lb  per  sq  ft,  the 
bending  moment  at  section  three  is  found  to  be  8 , 200  ft-lb  per  ft  of  width. 
This  is  the  bending  moment  for  vertical  loading  only.    This  is  an  example 
of  how  the  entries  in  the  bending  moment  tables  on  the  next  two  pages  were 
calculated . 

If  numerical  values  for  "p"  and  "q"  had  been  assigned  in  the  input 
data  for  the  computer  program,  the  moments  for  each  section  in  column  three 
of  the  output  data  would  have  been  given  instead  of  all  the  zeros  under  the 
heading  "MOMENT" . 
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CALCULATIONS  FOR  FINDING  THE  BENDING  MOMENTS  PLOTTED  IN  FIGURE  l8(b),  PAGE 
IToTTbTTlffiDFjFORMEiD  EMIGRANT  CULVERT  WITH  ESTIMATED  VERTICAL  PRESSURE  OF 
935  PSF . 

P  =  935  psf 


—  — 

SECTION 

p  COEF. 

q  COEF. 

p  COEF.-q  COEF. 

MfYf./rtP'KWT1    A  If    A1\TV  QT?PT>TAT\T 

(p  COEF.-q  COEF.)  p,  ft -lb/ft 

Top 

k.i 

-6.2 

10.9 

10,200 

3 

5  =  1 

-3-7 

8.8 

8,200 

5 

3-9 

-OA 

h.3 

k,000 

7 

0.6 

2.9 

-2.3 

-2,200 

9 

-5  =  1 

5-1 

-10.2 

-9,500 

11 

-11 A 

5-6 

-17.0 

-15,900 

13 

-17.2 

3»5 

-20.7 

-19>00 

15 

-8.9 

-0.3 

-8.6 

-8,000 

17 

2.k 

-1.8 

k.2 

3,900 

19 

10.1 

-2.6 

12.7 

11,900 

22 

________ 

Ik. 6 

-3-5 

18.1 

16,900 

The  p  Coef.  and  q  Coef .  were  obtained  from  the  computer  output  shown  on 
pages  63  and  6k. 
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CALCULATIONS  FOR  FINDING-  Tffi  BENDING  MOMENTS  PLOTTED  IN  FIGURE  18(a),  PAGE 
k6,  FOR  TlffilMDEFORMED  EMIGRANT  CIK^T  WITH  ESTIMATED  VERTICAL  FRESSIJRE 
OF '935  PSF. 

p  =  935  psf 


SECTION 

p  COEF. 

q  COEF. 

   , 

p  COEF.-q  COEF . 

(p  COEF.-q  COEF.)  p,  ft -lb /ft 

Top 

5-7 

-6.5 

12.2 

11  ?  if  00 

3 

^7 

5 

9.0 

8,1*00 

5 

2.7 

-0.9 

3.6 

3^00 

7 

-OA 

3*3 

-3-7 

=3,500 

9 

6.6 

-10.9 

=10,200 

11 

»8.9 

7.3 

-16.7 

-15  .,600 

13 

-13»8 

^18. 2 

-17,000 

15 

-8.6 

-0.2 

-Q.h 

-7.900 

17 

1.8 

-1.9 

3*7 

3,500 

19 

8.U 

-3.3 

11.7 

10,900 

22 

13.0 

J4.3 

17-3 

16,200 

The  p  Coef .  and  q  Coef .  were  obtained  from  the  computer  output  shown  on 
pages  6l  and  62. 
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APPENDIX  D 

SUMMARY  OF  CULVERT  SURVEY  FINDINGS 
FOR  THE  LARGE  CULVERT  RESEARCH  PROJECT 
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CULVERT  PROBLEMS 

With  few  exceptions }  each  of  the  55  Large  Culvert  Research  Pro- 
ject culverts  had  a  problem  of  some  type>  and  in  some  cases }  more  than 
one.    These  problems  included: 

Piping 
Scour  holes 
Fill  erosion 
Cracked  plates 
Sediment  deposits 
Corrosion 

Table  D  I  is  a  summary  of  how  many  culverts  had  the  various  problems . 

Table  Dl.    NUMBER  OF  CULVERTS 
WITH  VARIOUS  PROBLEMS. 


PROBLEM 

NO.  OF  CULVERTS 
WITH  PROBLEM 

Piping 

6 

Scour  holes 

29 

Fill  erosion 

27 

Cracked  plates 

6 

Sediment  deposits 

19 

Corrosion 

6 

Following  is  an  explanation  of  the  problems  that  have  not  already 
been  discussed  in  the  main  body  of  the  thesis ,  supported  with  pictures  of 
the  described  problem. 
Scour  Holes 

As  water  leaves  a  culvert  outlet <,  the  velocity  may  be  high  enough 
to  scour  or  erode  the  soil  in  the  stream  bed.    Eddy  currents  may  develop P 
causing  an  undermining  of  the  stream  banks  and  culvert.    Continued  scour 


and  undermining  will  enlarge  the  stream  channel,  the  enlargement  being 
called  a  scour  hole  (See  Figures  Dl,  D2,  D3,        and  D5). 

Scour  holes  may  also  develop  at  culvert  inlets  due  to  hydraulic 
conditions  which  cause  eddy  currents  at  the  sides  of  the  entrance. 


Figure  Dl.  OUTLET  SCOUR  HOLE  AT  THE  MUSKRAT 
CREEK  CULVERT. 


Figure  D2.    OUTLET  SCOUR  HOLE  AT  CULVERT  NO.  kO. 
Notice  how  the  grouted  riprap  has  been  washed  away. 


Figure  D3-    OUTLET  SCOUR  HOLE  AT  CULVERT  SITE  NO.  kl, 

A  grouted  riprap  apron  has  been  carried  completely  away 
and  the  culverts  are  undermined. 
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Figure  T)k.    OUTLET  OF  CULVERT  NO.  52. 

The  soil  has  been  eroded  away  from  the  sides  of  the 
culvert,  leaving  a  prism    of  soil  supported  on  top 
of  the  culvert  at  the  outlet. 


Figure  D5-  OUTLET  SCOUR  HOLE  AT  A  CULVERT 
IN  CENTRAL  MONTANA. 
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Fill  Erosion 

Water  draining  from  a  roadway  down  a  fill  slope  will  erode  the 
fill  material;  the  amount  of  erosion  depending  on  the  concentration  of 
draining  water  and  the  erodibility  of  the  soil.    The  pictures  in  Figures 
D6  and  D7  show  fill  erosion. 


Figure  D6.  FILL  EROSION  AT 
CULVERT  NO.  27. 
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Figure  D7-    FILL  EROSION  AT  CULVERT  NO,  k. 

Corrosion 

The  loss  of  metal  by  chemical  action  is  called  corrosion.,  and 
will  shorten  a  culvert's  life.    Corrosion  can  take  place  where  corrosive 
soil  is  placed  next  to  a  culvert  or  where  corrosive  water  comes  in  contact 
with  a  culvert. 

Figure  D8  shows  localized  corrosion  that  has  caused  holes  to  de- 
velop in  the  walls  of  a  culvert.    Figure  D9  shows  another  type  of  cor- 
rosion which  has  reduced  the  thickness  of  the  metal  as  much  as  50  percent 
in  some  cases . 
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Figure  D8.    LOCALIZED  CORROSION  SPOTS  IN  CULVERT  NO.  k5* 

The  geologist's  pick  could  easily  penetrate  the  walls 
of  the  culvert  at  these  localized  corrosion  spots . 


Figure  D9-    CORROSION  NODULES  IN  CULVERT  NO.  10. 

Under  these  nodules  the  metal  was  eaten  away  and  in  some 
cases  reduced  the  thickness  of  the  culvert  by  as  much  as 
50  percent. 
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Sediment  Deposits 

Water  will  carry  suspended  particles  of  small  sizes  and  roll  part- 
icles of  larger  sizes  along  the  bottom  of  a  stream  bed.    The  amount  of  part- 
icle movement  will  depend  on  the  amount  and  velocity  of  the  water.  When 
the  velocity  is  reduced,  the  particles  will  settle  out  or  stop  rolling, 
causing  a  buildup  called  a  sediment  deposit  (See  Figures  D10  and  Dll). 


Figure  D10.     SEDIMENT  DEPOSIT  AT  CULVERT  NO,  12. 
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Figure  Dll.     SEDIMENT  DEPOSIT  AT  CULVERT  NO.  ?• 

This  11 -foot  circular  culvert  had  as  much  as  four 
and  one-half  feet  of  sediment  at  places . 
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